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An Improved Communication Link for Communicating Data 

Field of the invention 

The present invention relates to optical transmission. In particular, the present 
invention relates to an improved communication link for communicating ddAa 
5 between a first opto-electronic equipment and a second opto-electronic 
equipment. 

Background of the invention 

A number of portable electronic devices may have a so-called split desgn 
where two or several parts of the device may be folded on each other or 

1 0 detached from each other. An example of such a device may be a portal^le 
telephone apparatus, a Personal Digital Assistant (PDA) apparatus or a laplop 
computer having for example two halves, a display half and a keyboard hiilf. 
One example of such a portable device may be the Nokia Communicator. In 
such a split design device, the different parts need to communicate with esch 

15 other. Another example of a split design device may be a telephone \Aith 
detachable accessories, for example with a camera module, or a video 
camcorder. 

Conventionally, the communication connection between the different parts of 
a split design devices is established by means of cables. For example in Ihe 

20 split design telephone, information to be displayed on the display is typiccilly 
conveyed from the keyboard via a flat cable, which may be a parallel data 
bus. The flat cable may be connected to one flat cable connector on a circuit 
board of the display side and to another fiat cable connector on a circuit board 
of the keyboard side. Flat cable may be comprised of a plurality of metal wires 

25 to carry electrical current. These metal wires may be individually surrounded 
by a protective jacket. Bad connections may occur to the flat cable connectors 
over time. Furthemriore, sharp objects and corrosive agents can accident£.lly 
break the flat cable, thereby interrupting the communication between the 
display and the keyboard. Moreover, a flat cable may be bulky as its width 

30 depends on the number of wires. 

In US Patent No. 6,470,132, an altemative design for the cable connection is 
disclosed for a portable electronic device of the type described above. US 
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6,470,132 describes an optical hinge, which serves as a light guide to com'ey 
communication data in optical signals between two circuit boards having opto- 
electronic devices for transmitting and receiving optical signals. The optical 
hinge of US 6.470,132 may eliminate the above reliability problens 
5 associated with the flat cable and the flat cable connectors. The optical hirge 
of US 6,470,132 may also provide a connection requiring less space than a 
ceible connection as no mechanical connectors are needed. 

In US Patent No. 5,914,976, vertical cavity surface emitting laser (VCSEL)- 
based multi-wavelength transmitter and receiver modules for serial end 

10 parallel optical links are disclosed. The module includes one or more VCSEL 
transmitters and photodetectors coincidentally aligned along a comrron 
central longitudinal axis. The incoming received light and transmitted light are 
at different wavelengths and are coupled out of and into the same optical filler 
or free-space optical link. The VCSEL transmitter includes a pair of mirror 

15 stacks and an active region interposed between the pair of mirror stacks. 1 he 
mirror stacks are each a system of alternating layers of gallium arsenide 
(GaAs) and aluminium gallium arsenide (AIGaAs) which fomis a distribuied 
Bragg reflector. At least one of the mirror stacks is wafer fused to the aclive 
region. One of the mirror stacks is below 0.0001 percent transmissive to the 

20 transmitted light. The VCSEL transmitter can be optically pumped by a pump 
VCSEL, wherein the pump laser radiation is for example an 850 nm pump 
VCSEL. 

In US Patent No. 6,373,046, a small sized optical transmission unit suitable 
for non-simultaneous transmission and reception is disclosed. The 

25 transmission unit, which is smaller than previously known solutions, is made 
by mounting the preamplifier circuit, the receiver and the transmHter at least 
partially on top of each other instead of placing them side by side, "'he 
transmitter and the receiver use one and the same optical element. In US 
6.373.046, the transmitter may advantageously be a light emitting diode (LED) 

30 and the receiver a PIN diode. 

However, optical interconnections have not been considered very practices I in 
mobile temninals. Optical connections for data transmission purposes nued 
typically be high-speed connections to provide sufficient data transmission 
efficiency. The efficiency of the opto-electronic transfomners, such as LEDs, 
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lasers, photo diodes, is rather low compared to electrical interconnections. 
Furthermore, in portable split design electronic devices, it is often requii ed 
that the receiver part remains penmanently awake or is regularly wok^n up to 
obsen/e any signals coming in, for example if the keypad is being pressed. 
5 High-speed optical connections consume therefore rather a lot of pov^ier. 
However, low power consumption is a crucial factor for mobile terminals, such 
as portable telephones or PDAs. 

The receiver side of an optical interconnection may be switched off to a sleop- 
mode for power saving purposes. There is, however, no easy way of quickly 
10 waking up the interconnection at a specific time, since the receiver cannot 
receive any signals in the sleep-mode. 

The problem can be explained using a PDA device, such as the Nokia 9210 
Communicator phone, as an example device. In such a PDA device, thvre 
may be a phone function having a small display and possibly a keypad and a 

15 PDA function having a larger display and a keyboard. The PDA display and 
phone display and the PDA keyboard are situated in separate parts 
communicating with each other. The connection between the separate parts is 
typically a high-speed data interconnection in order to satisfy the needs of the 
PDA display. This connection may conventionally be secured by a fle^ cal)le 

20 as explained above. A serial high-speed optical Interconnection might be us9d 
to replace the relatively fragile and large flex cable. An optical connection 
would provide new mechanical design possibilities as it allows high freedom of 
movement of the separated parts communicating with each other. Using 
optical connection instead of a flex cable could also reduce the manufacturing 

25 time, as less manual work may be needed. The serial optical InterconnectiiDn 
may, however, dissipate rather too much power at high data rates. Howevor, 
when the Communicator's lid is closed, the PDA display may be switched off 
and no high-speed interconnection Is needed anymore. Some interconnection 
is needed anyhow, since the keyboard functions and the small phone display 

30 are still active. 

A solution could be to wake-up the high-speed optical receiver in the display 
part each once in a while for a short duration and check if a long-duration 
wake-up signal is received. In that case, the duration of the tran&mitt€ir- 
initiated wake-up signal and the checking of the receiver, whether a wake-up 
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signal is present, have to be adjusted carefully. The transmitter can switch to 
high-speed mode only after a worst-case time, which may be calculated from 
the receivers wake-up-checking periodicity plus the time needed for the 
receiver to wake up, since the transmitter side does not know when the 
5 receiver side wakes up. This makes the wake-up relatively slow and 
consumes power itself, but on the other hand requires relatively fow 
components. 

However, there is a need for an improved communication link lor 
communicating data between a first opto-electronic equipment and a second 
10 opto-electronic equipment. It might be desirable to provide an optical high- 
speed connection with reduced power consumption. In certain cases, it m ay 
be advantageous to provide an optical high-speed connection, which is 
capable of being switched off when not in use and of becoming fully active in 
a short period of time. 

15 Summary of the invention 

Embodiments of the present invention aim to address one or several of tlie 
above problems or issues. 

According to the present invention, there is provided a communication link lor 
communicating data between a first opto-electronic equipment capable of 
20 providing an optica! signal and a second opto-electronic equipment capable of 
receiving the optical signal, wherein the communication link comprises a fi'st 
optical channel and a second channel. 

According to the present invention, there is also provided an opto-mechani(jal 
device for providing a communication link, comprising a first opto-electronic 
25 equipment for providing an optical signal, a second opto-electronic equipm€int 
for receiving the optical signal, a first optical channel and a second channel. 

According to the present invention, there is also provided a communlcatiDn 
link for communicating data between a first opto-electronic equipment or 
providing an optical signal and a second opto-electronic equipment capable of 
30 receiving the optical signal, wherein the communication link comprises a first 
optical channel and a second channel and the first opto-electronic equipment 
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determines activation of at least a part of a receiver circuit associated with the 
first optical channel in the second opto-electronic equipment. 

In certain embodiments, the first optical channel and the second channel are 
parallel to each other. 

5 In certain embodiments, the first optical channel is a fast optical channel and 
the second channel is a slow optical channel. 

In other embodiments the first optical channel is a relatively high power optical 
channel, and the second channel is a relatively low power channel. 

In certain other embodiments, the first optical channel is a fast optical channel 
10 and the second channel Is provided by an electrical connection, such as a 
cable. In certain other embodiments, the second channel may be provided by 
another wireless interconnection (e.g. Bluetooth, RFID technology, induclive 
orcapacitive transmission). 

In certain other embodiments, the first optical channel and the second 
15 channel may be provided by a single optical link. 

Preferably, the second channel is capable of providing a continuous 
monitoring of signal activity from the first opto-electronic equtpmcfnt. 
Specifically, a receiver circuit associated with the second channel in the 
second OEE (opto-electronic equipment) may provide continuous monitoring 

20 of signal activity from the first OEE. The first optical channel may be capable 
of being svwtched on in accordance with an indication provided by the seccmd 
channel. Specifically, the second OEE may be responsive to an indioation 
provided over the second channel by the first OEE, to switch on circuitry 
associated with the first channel in the second OEE. preferably the circu itr>r is 

25 receiver circuitry. The indication provided over the second channel may be 
initiated by the first OEE, such as in response to a key press. The Indioat'on 
may be initiated by signal activity from the first opto-electronic equipment or 
by a command from the first opto-electronic equipment. The first aptisal 
channel may be switched off when no signal activity Is received from tb© f rst 

30 opto-electronic equipment or when the first opto-electronic equipment 
provides an appropriate indication, such as a command; alternatively, the f rst 
optical channel may be switched on when no signal activity is received fn^m 
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the first OEE. When the first optical channel is switched off, in the second 
channel there may be a low power monitoring circuitry switched on. In the 
case of a single optical link providing both the first and the second optical 
channel, the optical channel may be switched to a slow-speed mode. 

5 References to the first optical channel being switched on or off preferably 
Involve switching on or off receiver circuitry, although not necessarily all 
receiver circuitry, associated with the first optical channel 

In a preferred embodiment the second channel is a unidirectional channel for 
transmitting signals from the first OEE to the second OEE. Preferably the first 

10 channel is a unidirectional channel for transmitting signals from the first OEE 
to the second OEE. Suitably, the maximum transmit/receive speed or 
bandwidth over the first channel is greater than the maximum transmit/receive 
speed or bandwidth of the second channel. The greater transmit/receive 
speed may be provided for in the second OEE by higher speed receiver 

15 circuitry. 

In the opto-mechanical device in accordance with the invention the first opto- 
electronic equipment and the second opto-electronic equipment may be 
physically connected to each other by a coupling that permits the first opto- 
electronic equipment to rotate relative to the second opto-electronic 
20 equipment about a rotation axis. 

Furthemiore, an apparatus having at least two separated parts 
communicating with each other and including the opto-mechanical dev<ce 
according to the invention is provided. Such separated parts may include 
parts such as a display, a i<eypad, telephone body, a camera module or Ihe 
25 like. 

According to one embodiment, the separated parts comprise a keypad 
associated with the first OEE, and a display associated with the second OEiE. 
According to another embodiment, the separated parts comprise a oamora 
module associated with the first OEE, and the telephone body associated Vk ith 
30 the second OEE. 
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Brief description of figures 

The invention will now be described in further detail, by way of example only, 
with reference to the following examples and accompanying drawings, in 
which: 

5 Figure 1 shows an example of an optical hinge in which the embodiments of 
the invention may be implemented. 

Figure 2 shows a simplified presentation of the optical function of an optical 
hinge illustrated in Figure 1. 

Figure 3 shows an example of an embodiment utilizing an optical hinge. 

10 Figure 4 shows a simplified presentation of the optical function of an optical 
hinge illustrated in Figure 1 further including a second channel in accordance 
with one embodiment of the present invention. 

Figure 5 shows an embodiment of the present invention. 

Figure 6 shows an example of a frequency modulated signal (above) and the 
1 5 corresponding binary data stream (below). 

Figure 7 shows an example of a device in which the embodiments of tlie 
invention may be implemented. 

Detailed description of the preferred embodiments 

Figure 1 shows an example of an optical hinge in which the embodiments of 
20 the invention may be implemented. The optical hinge of Figure 1 has a fiist 
optical component 10 and a second optical component 20 which are capable 
of rotating relative to each other about a .rotation axis 30 at an angle. Tfie 
rotation angle may typically about 180 degrees, but can be up to 360 degreos 
depending on the actual design of the optical hinge. The first and the second 
25 optical components 10, 20 are made from an optical material, which is 
preferably chosen so that it is highly transparent to the optical wavelength to 
be used in a desired application. 

The first optical component 10 has a first cavity 12 for optically coupling the 
first optical component 1 0 to an opto-electronic equipment and the second 
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optical component 20 has a second cavity 22 for optically coupling the second 
optical component 20 to another opto*electronic equipment. The opto- 
electronic equipments may typically include photo-transceivers, light emitters 
and/or photosensors. The optical hinge of Figure 1 is configured to transm it 
5 an optical signal produced in an opto-electronic equipment coupled to one 
cavity to another opto-electronic equipment coupled to the other cavity. A light 
beam can carry the optical signal to convey information from one opto- 
electronic equipment to another. Thus, the optical hinge can serve as a 
communication link between opto-electronic equipments. 

10 Figure 2 shows a simplified presentation of the optical function of the optic^tl 
hinge illustrated in Figure 1. A first opto-electronic equipment 14 capable t>1 
producing an optical signal 32 is coupled to the first ca^nty 12. The optical 
signal 32 produced by the first opto-electronic equipment 14 is transmitted via 
the surface of the first cavity 12 to the optical component 10. The optical 

15 signal 32 is guided by the optical component 10 towards the optical 
component 20. The optical signal 32 is then guided to the surface of th^ 
second cavity 22 and finally to a second opto-electronic equipment 2* 
coupled to the second cavity 22. 

In Figure 3, an example of an embodiment utilizing an optical connection is 
20 illustrated. The optical connection may be the optical hinge shown in Rgures 
1 and 2 comprising of a first optical component 10 and a second opticsif 
component 20. The first optical component 10 is coupled via the first cavity 12 
to a first opto-electronic equipment 14. The first opto-electronic equipment 14- 
may be, for example, an infrared transmitter and it may be soldered on a first 
25 circuit board 16. On the other side of the optical connection, the secon d 
optical component 20 is coupled via the second cavity 22 to a second optc- 
electronic equipment. The second opto-electronic equipment 24 may be. fcr 
example, photodiode receiver and it may be soldered on a second circut 
board 26. 

30 The function of certain embodiments of the optical hinge of Figures 1 - 3 is 
disclosed more detailed in US 6,470,132. It shall be appreciated that Figure s 
1-3 show only an example of an optical connection suitable for the purpose > 
of the present invention. The optical connection may differ substantially from 



wo 2005/034390 



PCT/EP2004/052460 



9 

the shown and may be any communication connection utilizing an optical 
channel. 

It is also to be noted that the optical signal may be transmitted in the other 
direction as well. As an example, the second opto-electronic equipment 24 
5 may be a light-emitter and the first opto-electronic equipment 14 may bo a 
photosensor receiving the optical signal conveyed by a light beam origin at ng 
from the second opto-electronic equipment 24. Alternatively, both the f rst 
opto-electronic equipment 14 and the second opto-electronic equipment 24 
may be devices allowing two-way communication, such as photo-transceivers. 

10 In the examples of the present application, only one-way communication from 
the first opto-electronic equipment 14 towards the second opto-electronic 
equipment 24 is illustrated. This Is done only in order to emphasize the idea of 
the present invention. The invention is, however, equally applicable in other 
types of communication links utilizing an optical channel. 

15 The first opto-electronic equipment 14 and the second opto-electroiic 
equipment 24 may be physically connected to each other by a coupling that 
permits the first opto-electronic equipment 14 to rotate relative to the second 
opto-electronic equipment 24 about a rotation axis 30. As an example, tiis 
kind of coupling may be used In a portable telephone, a personal digtal 

20 assistant apparatus, a laptop computer or a video camcorder as explained 
above. These devices typically have at least two separated parts 
communicating with each other. 

Figure 4 shows a simplified presentation of the optical function of an optical 
hinge illustrated in Figure 1 further including a second channel in accordance 

25 with one embodiment of the present invention. In the embodiment illustrated 
in Figure 4, the second channel is implemented as an optical channel with an 
additional second opto-electric equipment. In Figure 4 a fast receiver 
photodiode 64 is placed aside a slow wake-up photodiode 66. The optical 
signal 32 emitted by the transmitter 14 illuminates both receiver photodiooes 

30 64 and 66 simultaneously. The optical signal strength illuminating the slow 
wake-up photodiode 66 may be the same than or different from the signal 
strength Illuminating the fast receiver photodiode 64. 
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Figure 5 shows an embodiment of the present invention. In the pre^ient 
invention, a communication link for communicating data between a first Oi3to- 
electronic equipment 14 and a second opto-electronic equipment 2^- is 
provided with a second channel 36 in addition to the first optical channel 34. 
5 The first optical channel 34 is preferably a high-speed optical channel and the 
second channel 36 is preferably a slow optical channel or a channel provi<ied 
by an electrical connection. Preferably the data rate of the slow Hnk is a factor 
of about 1000 slower than the fast link. For example, the high-speed optical 
channel may have the speed of lOOMbit/s and the slow optical channel nay 
10 have the speed of lOOkbit/s. The electrical connection may be an alternate 
current (AC) modulated signal on top of the direct current (DC) battery po/ver 
supply. 

Preferably, the second channel 36 requires less power than the first chiannel 
34, 

15 The first opto-electronic equipment 14 is capable of providing an optical signal 
32 and may be a transmitter, such as a light emitting diode (LED), resonant 
cavity light emitting diode (RCLED) or vertical cavity surface emitting laser 
diode (VCSEL). The second opto-electronic equipment 24 is capable of 
receiving the optical signal 32 and may be a receiver^ such as a photodiodci or 

20 a phototransistor. The optical signal 32 may be transmitted in the first opt cat 
channel 34 alone or in both the first optical channel 34 and the second 
channel 36 either simultaneously or alternating as will be explained below. 

Preferably, the second channel 36 is parallel to the first optical channel 34. 

The two channels 34, 36 may be provided in several ways. One alternative 
25 may be to provide two control circuits for a single photodiode, one circuit for 
the high-speed connection and the other circuit for the slow connection. 

A further alternative for providing two channels 34, 36 may be to provide two 
photodiodes for optical reception. One, preferably small photodiode is used 
for the high-speed connection and another photodiode, preferably large, is 
30 used for the slow connection. Preferably, the small photodiode is stacked on 
top of the large photodiode in the same pacl<age. 
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The two channels may be optically separated. In such a case, the s ow 
connection may be used pemianently or alternating with the high-spoed 
connection. For example, in a split design telephone, the slow connection may 
be in use when the telephone is in the closed position and the high-spcsed 
5 connection may be used alone or together with the slow connection when the 
telephone is in the open position. 

A further alternative for providing two channels 34, 36 may be to use> a 
combination of an optical connection and an electrical connection. A high- 
speed photodiode may be used to provide the first channel 34 for high-spc»ed 

10 data communication. An electrical connection, for example an alternate 
current (AC) modulated signal additional to the direct current (DC) battery 
power supply, may be used to provide the second channel 36, in particular for 
monitoring purposes. The electrical connection may be provided, for example, 
by a battery cable arranged for conveying electrical power from a battery 

15 located in one off the first and second opto-electronic equipment to electrcnic 
apparatus located in the other of the first and second opto-electronic 
equipment. Another example might be providing the electrical connection by 
printed circuit board tracks and a wiper interconnection. 

The second channel 36 may be used by the second opto-electric equipment 
20 24 for providing a continuous monitoring of signal activity from the first opto- 
electronic equipment 14. The second channel 36 may be used for wake up 
purposes so that the first optical channel 34 may be switched on in 
accordance with an indication provided by the second channel 36. The 
indication may relate to the signal activity from the first opto-electronic 
25 equipment 14. The indication may cause the first optical channel 34 to wctke 
up, that is to be switched on if currently in off state, when signal activity from 
the first opto-electronic equipment 14 is observed by the second OEE on he 
second channel, or when a particular command from the first OEE 14 is 
observed by the second OEE on the second channel. The first channel 3^- is 
30 woken up in the second OEE by activating receiver circuitry associated vrith 
the first channel 34, such as the photodiode and or the control circuit for he 
photodiode. 
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The indication from tlie fii^t opto-electronic equipment 14 can detemnlne when 
the receiver circuitry associated with the first channel and within the second 
opto-electronic equipment 24 may be activated 

The first opto-electronic equipment 14, l^e. the transmitter side, knows itself 
5 when to wake up as the signal activity is initiated therein. Therefore, noth ing 
has to be changed in the transmitter side compared to a known optical link. At 
the second opto-electronic equipment 24, Le. the receiver side, a seccnd, 
preferably slow and cheap receiver photodiode may be installed, attached lo a 
second, slow, low-power and cheap amplifier/digitizer system. 

10 This slow and cheap receiver photodiode may be coupled to at least pari of 
the receiver circuitry associated with the first channel and within the seo^nd 
opto-electronic equipment 24, in one embodiment the slow and chisap 
receiver photodiode may be coupled to the high speed photodiode, so as to 
activate the high speed photodiode upon reception of a wake up or sifinai 

15 activity from the first opto-electronic equipment. 

The second photodiode can be in a separate package or preferably in the 
same package as the high-speed photodiode of the second opto-electronic 
equipment 24, thereby saving space. Since the first, high-speed photodiode is 
preferably small for capacitive reasons and the second, slow wake -up 
20 photodiode is preferably large for sensitivity reasons, both photodiode ciiips 
can be stacked on top of each other. 

Altematively, both photodiodes can be set aside each other. In this cas(j, a 
package with incorporated lens may be used. Then, the high-sp^ed 
photodiode may be placed in the focus of the lens system for best high-speed 
25 link performance. The slow wake-up photodiode in that case compensates its 
optically sub-optimal location with its high sensitivity. 

In certain embodiments, the transmitter, such as a LED, and the receii/er, 
such as a photodiode, may be included in a telephone-case external hing2 in 
a split design telephone. This may further reduce the area occupied by the 
30 circuit board, as the circuit board is extended to the hinge. 

In an embodiment, when the system goes to sleep mode, the transmitter In 
the first opto-electronic equipment 14 is switched off. When the receiver in the 
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second opto-electronfc equipment 24 does not receive any optical signal for 
some time, the receiver controller switches off the first optical channel ;J4, 
which in this embodiment may be tfie high-speed channel consisting of 
photodiode and amplifier/digitizer systenrt, and switches to the low pov/er 
5 wake-up circuitry in the second channel 36. 

To wake up from sleep mode, the transmitter in the first opto-electronic 
equipment 14 Is switched on again and emits a low frequency wake-up signal. 
The wake-up signal could be even a statfc signal. The wake-up circuitry in the 
second channel 36 Is able to detect this low frequency signal and induces tie 
10 first optk:al channel 34 to switch on the high-speed mode. 

Alternatively, the first opto-electronic equipment 14, I.e. the transmitter 
circuitry, could send a command to the second opto-electronic equipment 2:4, 
i.e. the receiver circuitry, indicating that the high-speed mode can be switched 
to low-power mode. This command might be embedded in the high-speed or 
15 slow-speed data stream. 

In certain embodiments, the second photodiode may be left out. The wake-up 
circuitry could be connected in parallel to the high-speed amplifier/digitizer 
system. 

in certain embodiments, the high-speed and slow-speed channels could be 
separated links. The slow-speed link could be used permanently or altemating 
to the high-speed link. In the latter case, it would be possible to use the high- 
speed optical link for high-speed data only and transmit slow-speed data, 
such as control information, wake-up signal or, in the case of the Nokia 
Communicator example, data for the small phone display, in the slow-speod 
link. Then, the second channel 36 indicates that the first, high-speed channel 
34 needs to be switched on when through the second channel an appropriate 
indk:ation, preferably a command, is sent from transmitter 14 to the slow- 
speed receiver 26. In this embodiment, a second transmitter circuitry may l:»e 
needed. Dividing the data stream into a high-speed and slow-speed part mtiy 
make data handling easier. Furthemiore, the high-speed optical link can te 
designed for lower bandwidth, saving power and costs. The slow link can t e 
optimized for its own purposes. 



20 
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In certain embodiments, the second channel 36 could be provided by an 
electrical connection, such as a battery cable, preferably in parallel with the 
first, high-speed optical channel. A wake-up signal could be transmr.ted 
through the battery cable in case of electrically connected systems. As is s^en 
5 from Figure 5, there may be an additional electrical power connection 3;B In 
the opto-mechanlcal device. The electrical power connection 38 may be only 
for power supply purposes or it may provide simultaneously the secDnd 
channel, thereby omitting the need for a separate second channel 36. The 
number of electrical connections depends on the design of the opto- 

10 mechanical device and there might be one or more electrical connections. 
The electrical power connection 38 may be provided via the hinge or via 
conventional external cables. One solution would be an alternate current (AC) 
modulated signal on top of the direct current (DC) battery voltage. At the 
receiver side, the AC could be detected through a simple detector witt* its 

15 inputs bandpass-coupled to the battery cable. Using modulation center 
frequencies separated far enough from each other, one could implement £i bl- 
directtonal slow data transmission over of the battery cable. By doing so, data 
can be transmitted also from the display module to the keyboard part. 

Figure 6 shows an example of a minimum shift keying (MSK) moduUited 
20 signal on top of a direct current (DC) battery voltage of 3.3V (above) and its 

original binary data bit stream (below). When using the MSK with a data -ate 

of e.g. 100kb/s (kilobit/second) » one could select a center frequency of e.g. 

500kHz. The frequency shift Is 1/4^ of the data rate, therefore in this example 

25kHz. A *0'-bit would then be represented by a signal frequency of 525kHz, a 
25 '1 -bit by a signal frequency of 475kH2 or vice versa. Other modulations 

schemes can be used similariy, allowing battery power transmission and data 

transmission through the same cable at the same time. 

The opto-mechanical device described here may be used in various split 
design apparatus as explained above. Such apparatus may include, but is not 

30 limited to, a portable phone optionally with detachable module(s) such as a 
camera, a personal digital assistant, a laptop computer or a video camcorder. 
The at least two separated parts may include a keypad part and a dis Diay 
part. The first opto-electronic equipment may include a transmitter ight 
emitting diode situated in the keypad part and the second opto-electr^nic 

35 equipment may include a receiver photodiode situated in the display part. As 
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another example, the at least two separated parts may Include a camera 
module and a telephone body. This Is shown in Rgure 7. In that case, the first 
opto-electronic equipment may Include a transmitter light emitting diode 
situated in the camera module. The two parts of the device may be 
5 interconnected by an optical hinge described above or by another opiical 
connection, such as optical fibers. 

Figure 7 shows a portable electronic device body 50, such as a mobile 
telephone, provided with a detachable camera module 40. In this 
embodiment, the camera module may act as a transmitter emitting an opiical 

10 signal 32 towards the device body 50. The camera module 40 may be 
mechanically fixed to the device body 50 for example by means of magrets 
42 and electrically by means of inductors 44. The camera module 40 may be 
provided with a standalone mode through a backup battery or an own batlery 
system so that no inductive coupling is needed during the standalone mode. 

15 This exemplary configuration provides an easy, water tight and durable 
interface between a detachable camera module and a mobile terminal. 1"he 
camera module may easily be turned. A personal computer may be provided 
with similar connections thereby providing further alternatives for the use of 
the camera device. 

20 In a further embodiment the portable electronic device 50 and camera module 
40 of Figure 7 may be devices which are not physically coupled and C!an 
operate independently of one another but may be operatively coupled to cine 
another over a short distance, such as a metre or less. The two devices may, 
for example, be located on a worktop or desk or perhaps in a car. In this 

25 embodiment the camera may transfer images to the portable electronic 
device, such as a radiotelephone for onward transmission of said imag9s; 
alternatively two devices such as a camera and a printer could be operatively 
coupled. 

As is apparent from the above description, this invention may allow, for 
30 example, realizing a low-power sleep-mode for an optical link, preferably 
allowing switching the high-speed, high-power consuming parts cpmpletsly 
off, leaving only a slow, preferably ultra-low-power, cheap and small wakeiip- 
channel alive. 
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The devices and functions described in the context of the present invention 
may also have additional functions. As an example, the second opto-electric 
equipment may be used additionally to the described system to monitor the 
optical signal strength from the transmitter and either to adjust the receiver 
5 amplification or the transmitter power. For the latter, a command may be sent 
through an additional downlink. 

The applicant hereby discloses in isolation each individual feature descr bed 
herein and any combination of two or more such features, to the extent that 
such features or combinations are capable of being carried out based on the 

10 present specification as a whole in the light of the common general knowledge 
of a person skilled in the art, irrespective of whether such features or 
combinations of features solve any problems disclosed herein, and without 
limitation to the scope of the claims. The applicant Indicates that aspects of 
the present invention may consist of any such individual feature or 

15 combination of features, in view of the foregoing description it will be evicJent 
to a person skilled in the art that various modifications may be made w.thin 
the scope of the invention. 



